The Cretaceous continental sedimentation in SW Mongolia was commonly accompanied by volcanic activity. Bimodal association of the Cretaceous Khulsan Gol Formation is represented mostly by calc-alkaline and rare alkaline volcanic rocks (basaltic andesite, trachybasalt to trachyandesite lavas or tuffs with lahars). The lavas were extruded mainly subaerially, although locally there is a subaqueous component present corresponding to final phases of Mesozoic sedimentation in the Gobi-Altay rift zone. Variations in chemical and isotopic composition reflect crustal assimilation coupled with fractional crystallization of parental magma generated by melting of lower lithosphere and/or uppermost asthenospheric mantle. These within-plate volcanic rocks can be explained as initial stages of Cenozoic magmatic activity in the Mongolia.
Introduction
Volcanic activity in Mongolia has continued almost without interruption for the past 160 Ma, being concentrated within two periods, namely the Early Mesozoic and the Late Mesozoic-Cenozoic (Yarmolyuk and Kovalenko 2001) .
The Early Mesozoic (Triassic-Early Jurassic) igneous period was largely influenced by continental collision during the closure of Mongolsk-Ochotsk marine basin (in the NE part of today's Mongolia). System of troughs infilled with terrigenous, coal-bearing molasse developed during the Triassic-Jurassic (Yanshin 1976) and they are interpreted as foreland basins. However, relations to strike-slip faulting could not be excluded (Hendrix et al. 1996) . Extensional tectonics was accompanied by Early Mesozoic granitoid intrusions in eastern Mongolia. The only terrigenous sediments of this age are preserved in western Mongolia (Yarmolyuk and Kovalenko 2001) .
Late Mesozoic-Cenozoic igneous period was related to extensional tectonics, which is one of the most striking features in the N and NE parts of the North China Block and the S part of the Variscan Central Asian Orogenic Belt (e.g. Hendrix et al. 1992) . Foreland-style basins (Graham et al. 2001) , rift zones (Yanshin 1976) , system of grabens and graben-synclines were formed in the Late Mesozoic times (Late Jurassic-Early Cretaceous). The tectonic depressions formed the sites of formation of lava plateaux, as well as volcanic ring structures and subvolcanic intrusions composed of rhyolites, granitoids and basaltoids (Yarmolyuk and Kovalenko 2001) .
The end of the Early Cretaceous saw the progressive cessation of tectonic processes throughout the whole of Mongolia and the Late Cretaceous-Palaeogene is a period of development similar to a platform evolution (Yanshin 1976) . Within-plate magmatic activity in the southwestern Mongolia started during Mesozoic and culminated in the Cenozoic (Barry et al. 2003) . The majority of the Late Mesozoic volcanic rocks tend to be localised within the Gobi-Altay rift (Yarmolyuk 1986) . The Gobi-Altay rift zone can be divided into three segments: eastern, central and western, which to some extent differ in their subsequent history of magmatism. Eastern segment is Late Jurassic to Middle Cretaceous, central one is Late Jurassic to Late Cretaceous and western is Early to Late Cretaceous (Yarmolyuk and Kovalenko 2001) .
Numerous basaltic lava sheets and body of lahar with prevailing acid fragments (rhyolite, granitoids) belonging to the western part of the Gobi-Altay rift zone are well exposed in the area of Shillin Nuruu and Khar Argalantyn Nuruu Mts. They are part of the Upper Jurassic to Lower Cretaceous continental sediments preserved in the separate block along the southern rim of Valley of Lake west of the Boon Tsagaan Nuur, Gobi Altay Aymag (SW Mongolia).
The interpretation of textural features in the Late Cretaceous volcanic rocks, their close relation to palaeontologically dated sediments, as well as newly obtained whole-rock geochemical and isotopic data contribute to understanding of the origin of volcanic rocks in the intracontinental rift environment.
Geology
The Upper Jurassic-Lower Cretaceous sediments west of lake Boon Tsagaan Nuur are exposed along the southern margin of intermontane depression Ulaan Shalyn Khooloi, which separates the Neoproterozoic to Lower Palaeozoic complexes of the Lake Zone in the south from the Proterozoic metamorphic rocks of the Byadrag Terrane in the north.
Most of the Upper Mesozoic sequences in the area are exposed in a flat syncline in the Shiliin Nuruu Mts. and at Samoadanba Uul Mt. (Fig. 1) . Minor exposures are bound to the slopes of the Erdene Uul Mt. in the west and in surroundings of river Khulsni Gol in the east. The syncline is built by continental sediments and terrestrial volcanic rocks developed in the western part of the Late Mesozoic Gobi-Altay rift zone (Yarmolyuk 1983 (Yarmolyuk , 1986 Kovalenko et al. 1995) . There are preserved transgressive contacts of Upper Jurassic-Lower Cretaceous sediments with the underlying Precambrian-Palaeozoic sequences. Nevertheless, there are often rather gradual depositional transitions (Fig. 2) between the individual Mesozoic formations ): Toromkhon, Undurukhin, Anday Khudag and Khulsan Gol (e.g. Sinica 1993) .
The Upper Jurassic Toromkhon Fm. consists of poorly to extremely poorly sorted, usually red conglomerates, breccias and sandy conglomerates. They were interpreted as sediments of proximal part of alluvial fans .
The Lower Cretaceous Undurukhin Fm. was described in the area of the Lake Zone and Mongolian Altay by Ivanov in Rauzer et al. (1987) based on previous studies of the Mongolian Mesozoic basin undertaken by Martinson (1982) . The sediments of the Undurukhin Fm. (Berriasian to Valanginian) form cycles up to 13 m thick consisting of conglomerates grading upwards into sandstones, mudstones and marls. They rest locally unconformably upon the pre-Mesozoic basement. Contact with the Toromkhon Fm. in the footwall is transitional with local wash-outs. The formation was presumably deposited in a fluvial and shallow lacustrine environment ). Geochemical samples labelled by their ID (same as in tables). ). According to petrography, the sediments of the Undurukhin Fm. were derived mainly from Permian volcanic rocks. The Anday Khudag Fm. (Hauterivian to Barremian) is characterized by variable and commonly small thickness (first tens of metres). The sediments of the formation are mostly exposed as a finer facies (mudstones and siltstones with fine-grained conglomerates and sandstones on the base) inside the Khulsan Gol Formation.
The Khulsan Gol Fm. (Aptian-Albian) has a volcanosedimentary character and represents the uppermost part of the Mesozoic sequence in this segment of the GobiAltay rift. The thickness of the Khulsan Gol Fm. is estimated to 350-400 m in the area of the Arslan Khayrkhan Uul Mt. The main constituents are sandstones alternating with marlstones and mudstones, accompanied by sporadic intercalations of coal, conglomerates and breccias. Shallow lacustrine environment is supposed to have prevailed during deposition of the formation; the accumulations of bivalves in the sandstones probably indicate storm events. The conglomerates, breccias, and massive sandstones are sediments of alluvial fan. The most usual direction of the material transport was from north to south. According to petrography, the sediments of the Khulsan Gol Fm. were derived mainly from the Permian volcanic and plutonic rocks. The evolution of the sedimentary basin was terminated by volcanic activity documented by basaltic lava flows and sills with thickness up to 30 meters. Lahar and coarse-grained volcanic breccia layers are composed of acid to intermediate rocks (rhyolite, granitoids). They are up to 100 m thick and are exposed in the uppermost part of the Khulsan Gol Fm. in the Arslan Khayrkhan Uul Mt. Basalts rarely enclose xenoliths of sediments; mantle and lower crustal xenoliths are missing. Marlstones and mudstones are baked on the contacts with basaltic flow, forming zones only several centimetres thick. No structures similar to a volcano morphology were found in the area; the character of lavas instead resembles plateau basalts.
Analytical methods
Whole-rock samples were collected in the frame of the Development cooperation project of the Czech Republic "Geological mapping of the Mongolian Altay at a scale of 1 : 50,000". Nine were sampled in the area of the Shilin Nuruu (Fig. 1) ; one was located on the SE slopes of the Gichigeney Nuruu Mts. c. 60 km S of the Arslan Khayrkhan Uul.
The only wet major-element whole-rock geochemical analyses performed under standard conditions ) at the Central Geological Laboratory in Ulaanbaatar are available for two samples. Eight rock powders were analysed in the Acme Analytical Laboratories, Vancouver, Canada. Major-element contents were determined using ICP ES and trace elements by ICP MS. The whole-rock analyses were interpreted by the GCDkit software (Janoušek et al. 2006) .
Strontium and neodymium isotope analyses were performed at the Radiogenic Isotope Laboratory of the Czech Geological Survey. Samples were dissolved using a combined HF-HCl-HNO 3 attack. Sr and bulk REE were separated by cation-exchange chromatography using BioRad AG-W X8 resin loaded into quartz columns. Nd was further separated on quartz columns with Biobeads S-X8 coated with HDEHP (Richard et al. 1976) . Isotopic composition was analysed on Finnigan MAT 262 thermal ionization mass spectrometer in dynamic mode using a double Re filament assembly for both Sr and Nd. The NBS 987 reference material yielded a long-time average Hanžl et al. (2007) . 87 Sr Steiger and Jäger (1977) (Sr) and Lugmair and Marti (1978) 
(Nd). The ε i
Nd values were obtained using Bulk Earth parameters of Jacobsen and Wasserburg (1980) . Electron microprobe analyses (EMPA) were performed on the instrument Cameca SX-50, in the Joint Laboratory of Electron Microscopy and Microanalysis of the Masaryk University and the Czech Geological Survey (Brno, Czech Republic) by analysts R. Čopjaková and R. Škoda. Wavelength-dispersion mode with a beam diameter of 4-5 µm, an accelerating potential of 15 kV and sample current of 20 nA were used for Si, Al, Ti, Fe, Mn, Mg, Ca, Na and K. Higher current of 40 nA was employed for Zn, F and P; counting time was 20 s for all elements. The following standards were used (K X-ray lines): diopside (Si, Ca), kyanite (Al) , fayalite (Fe), rutile (Ti), pyrope (Mg), spessartine (Mn), albite (Na), orthoclase (K), fluorapatite (P, F) and gahnite (Zn).
Geology and petrology of volcanic rocks
Cretaceous volcanic rocks in the Shiliin Nuruu are stratigraphically related to the uppermost part of the Khulsan Gol Fm. Three groups of volcanic rocks were distinguished here according to volcanic character and petrography: 1 -massive basalt to basaltic andesite lava sheets and sills; 2 -basaltic to trachyandesitic tuffs; 3 -volcanic breccias, lahars.
Basalt to basaltic andesite
Lava sheets and sills composed of massive basalt to basaltic andesite are the most common volcanic forms. water-rich sediments are documented by the disintegration of lavas into blocks, the occurrence of rare pillow lavas and the presence of marlstone tongues penetrating basalt flows. Flow textures with ropy crust are locally preserved in this type of basalts rich in fluids. They have the same petrographic composition as massive basalts but their matrix is finer and the abundance of devitrified volcanic glass therein greater. The amygdales and cavities up to 40 cm in size are empty or filled with calcite and quartz crystals, chlorite, chalcedony and agate. Zeolites and pyrite are subordinate minerals. Basalts to basaltic andesites are dark grey to black, fine-to medium-grained rocks. The igneous textures are ophitic, intersertal or porphyritic with fine-grained ophitic to subtrachytic or intersertal matrix (Fig. 3c) . The groundmass consists of plagioclase [45-60 mod. (modal mineral proportion) %], interstitial glass (0-30 mod. %) and sometimes clinopyroxene (0-25 mod. %) and/or olivine (0-10 mod. %) and opaque minerals (up to 5 mod. %). Some clinopyroxene phenocrysts are poikilitic enclosing plagioclase laths. Amphibole is a minor mineral. Hematite and Ti-magnetite as typical accessory phases are often partially maghemitized. Basalts with vitrophyric texture are present locally (Fig. 3d) . In this case the brown glass with perlite-like cracking encloses long laths of plagioclase (0.05-0.10 mm) and euhedral opaque minerals. Minerals of the epidote and serpentinite groups, clay minerals and chlorite are secondary.
Typical olivine-clinopyroxene basaltic andesites with vitrophyric texture were studied using electron microprobe. Pyroxene phenocrysts and microlites are classified as augite (Morimoto et al. 1988 
Basaltic to trachyandesitic tuffs
Basaltic tuffs and aa lavas are subordinate members of the volcanic complex. They are made of massive or vesicular basalt fragments with oval volcanic bombs up to 50 cm in size. No gradation or preferential orientation of clasts was observed. Fine-grained ash tuffs are exposed only as rare, several cm thick layers and laminae in the siltstones.
Basaltic tuffs consist of four principal components: ash-to lapilli-size volcanic material, lithic clasts, altered matrix, volcanic bombs and lithic clasts (up to 50 cm). The matrix includes fine-grained vitric ash, clay and calcite. The lapilli and crystal fragments are generally unaltered, only plagioclase fragments are rarely partially sericitized and carbonatized. The basalt bombs and clasts are predominantly massive to moderately vesicular. Petrographic character is very similar to massive basalts to basaltic andesites described above; the rocks are dominated by glass, plagioclase and/or clinopyroxene. Volcanic bombs have ophitic and subophitic textures in core and intersertal textures in the rim. Rare, small subangular lithic fragments are represented by siltstones and marlstones.
Volcanic breccias, lahars
Volcanic breccias, lahars and tuffaceous conglomerates with volcanic fragments of acid to intermediate composition are exposed as the uppermost member of the Khulsan Gol Fm. These rocks are restricted to the vicinity of the Tab. 2 Representative plagioclase compositions (wt. % and apfu based on 8 oxygens). The angular to subangular character of the fragments and the absence of bedding in the strongly consolidated breccia point to an origin related to debris flow and these rocks are described here as lahar.
The fragments are composed of red granites, various types of porphyries, rhyolites, dacites and rare andesites. They are angular to subangular with size reaching up to 2 m. Matrix is reddish grey with tuffaceous ash-to lapillisize and consists of glass (rarely devitrified), feldspars, quartz and subordinate biotite with epidote. Matrix is locally chloritized, carbonatized and silicified. Dacite to rhyolite clasts are composed of quartz-feldspathic matrix often with glass and feldspar phenocrysts (of both K-feldspar and plagioclase). Minor minerals include muscovite, rare apatite, biotite and/or pyroxene. Chloritization of biotite and sericitization of plagioclase are common. Subangular to angular granite-like clasts are composed of equigranular fine-to medium-grained or porphyritic rocks with granitic texture. The main minerals are quartz (15-20 mod. %), K-feldspar (35-40 mod. %), plagioclase (30-35 mod. %), biotite (3-5 mod. %) and locally muscovite. Euhedral to subhedral plagioclases with oscillatory zoning are intensely sericitized in their cores. Subhedral K-feldspar commonly contains microcline lamellae. Small biotite crystals frequently enclosed in feldspars are partially replaced by chlorite. Apatite, monazite, zircon and secondary epidote occur as accessory phases.
Whole-rock geochemistry and Sr-Nd isotopic compositions
The Laboratories* ACME ACME ACME ACME ACME ACME ACME ACME CGL CGL Chondrite-normalized REE patterns are mutually comparable (Fig. 5a) , with gently decreasing trend from LREE to HREE (La N /Yb N = 6-13) and no Eu anomalies. Individual patterns are subparallel, with differences in total REE contents (96-377 ppm). (Boynton 1984) . b -Primitive-mantle normalized trace-element multielement diagram (Sun and McDonough 1989) . Field for Cenozoic basalts from Mongolia (Barry et al. 2003 ) is shown for comparison. The primitive-mantle normalised spider diagram (Fig  5b) shows strong enrichment in LIL elements; negative anomalies in Rb and Nb are also characteristic. On the other hand, Ba forms strong positive anomalies. Rocks plot as within-plate basalts in the various geotectonic discrimination diagrams (e.g., Fig. 6a-b) .
Acid sample of a porphyry block from volcanic breccia (SiO 2 = 71.2 wt. %) can be classified as rhyolite/ granite (Fig. 4a) . Its K 2 O is high, fitting to high-K calcalkaline series (4.1 wt. %), as is its K 2 O/Na 2 O ratio (0.9). The REE pattern features a strong fractionation of LREE (La N /Yb N = 13) with a negative Eu anomaly (Eu/Eu*= 0.7). Acid porphyry is, in comparison with more basic rocks, enriched in Cs, Rb, Th, U, K, and Pb as well as strongly depleted in Ti and P.
The basaltic andesites have a less radiogenic strontium 
Discussion
The Mesozoic volcanites of the Khulsan Gol Fm. in the Shillin Nuruu area are represented by basaltic andesite, trachybasalt to trachyandesite lavas with subordinate tuffs and lahars. The relation with palaeontologically documented sediments points to its uppermost Early Cretaceous age (Aptian-Albian). The lavas were extruded subaerially, although also sills are locally present. The rare pillow lavas and the presence of vitrophyric basaltic glass document lava flows into subaqueous environment.
The fairly evolved composition of the basaltic rocks (i.e. low MgO, Ni and Cr) is far from being in equilibrium with mantle minerals. The decreasing Ni and MgO contents indicate fractionation of olivine. A positive correlation of SiO 2 with Al 2 O 3 and negative with CaO and FeO t suggest that clinopyroxene could have been an important fractionating phase in the evolution of the magma. The lithophile elements (e.g., Pb, K, and Ba) are progressively enriched, while the HFSE tend to be increasingly depleted.
The role for crustal contamination can be assessed using trace elements. Studied basic-intermediate rocks show wide range of Ce/Pb ratios (15-41) much more similar to mantle (ratios for most mantle compositions are ~25 and primitive mantle ~9; Hofmann et al. 1986 ) than to the crustal compositions (Ce/Pb < 5). On the other hand, La/Nb ratios (1.5-3.7) are higher than in Cenozoic Mongolian basalts (Barry et al. 2003) (Fig. 7b) , providing an evidence for crustal contamination (La/Nb ~1.5 for upper crust and ~4.5 lower crust; Taylor and McLennan 1985) .
The Sr and Nd isotope compositions of selected rock samples plot close to the Bulk Silicate Earth (Hart and Zindler 1986, Fig. 7a ), which is a feature typical also of younger Mongolian basalts (Barry et al. 2003) . For the basaltic samples, the time-integrated shift in the Sr isotopic value can be considered as negligible due to low Rb/Sr values (0.01-0.03). The change in Nd isotopes is more significant, but still small enough to be within the limits typical for BSE rocks (Sm/Nd = 0.17-0.24). Although the isotopic composition of the studied basaltic andesites does not show clear evidence for the crustal contamination, the influence of such process also cannot be excluded. As the isotopic composition of locally documented crustal xenoliths and of the studied acid porphyry are fairly primitive, the shift in isotopic composition resulting from reasonable extent of crustal contamination would be only limited. Fig. 4 . The fields for Mongolian Cenozoic basalts (gray), mantle (vertical hatching) and crustal (horizontal hatching) xenoliths are from Barry et al. (2003) . Studied Cretaceous samples are age-corrected to 110 Ma and Cenozoic samples of Barry et al. (2003) Hanžl et al. (2007) . The significant part of the lithic clasts in acid volcanic breccia thus may represent recycled material from the underlying Permian plutonic complex.
Widespread intraplate volcanism has occurred throughout Mongolia from Early Mesozoic through Miocene (Whitford-Stark 1987) up to Pleistocene-Holocene (Yarmolyuk and Kovalenko 2001) and can be subdivided into several stages.
The Early Mesozoic volcanic history was related with the largest Mesozoic rift structure in the northern Mongolia-western Transbaikalia (Vorontsov et al. 2007 ). The subalkaline to alkaline trachybasaltic andesites with subordinate basalts and trachytes documented by these authors were characterised by higher contents of K 2 O (2.38-3.85 wt. %), Rb (30-101 ppm), Ba (842-2800 ppm), Th (4.1-12.8 ppm) and Pb (17.4-29.8 ppm) compared to the studied rock samples from the Shillin Nuruu area. Geochemical and isotopic data suggest that the basic rocks of the bimodal volcanic association are most likely products of melting of a geochemically variable mantle source (Vorontsov et al. 2007 ).
The Late Mesozoic-Cenozoic igneous rocks in the southern Mongolia adjacent to the Khangay Mts. are linked with a South Khangay hot spot (Yarmolyuk et al. 1994) . Development and Cenozoic uplift of the Mongolian Plateau represented by Khentey and Khangay domes as well as basin and range topography are related to interaction of a mantle plume with the overlying lithosphere (Windley and Allen 1993) . The several stages in development of the Khangay Mts. region were recognized (Yarmolyuk and Kovalenko 2001). The Late Jurassic period was represented by highly alkaline rocks and corresponded with the formation of the Khangay igneous province. Early Cretaceous stage was characterised by subalkaline basalts followed by acid rocks. At the Early Cretaceous stage (118-105 Ma), subalkaline basalts to andesitic basalts were dominant.
Geochemical and isotopic data indicate close relationship of samples studied in course of the present work with Early Cretaceous trachybasalts and trachybasaltic andesites in the eastern part of the Gobi-Altay rift zone in the Arts-Bogd area (Samoilov et al. 1998) . These basic rocks (Na 2 O + K 2 O = 6-9 wt. %) show isotopic composition ( 87 Sr/ 86 Sr 130 = 0.7049-0.7059) similar to the studied rocks from the Shillin Nuruu area. Chondrite-normalized REE patterns display analogous trends (La N /Yb N = 11-19) with no Eu anomalies. The total REE contents (221-498 ppm) are slightly higher than in basic rocks from the Shillin Nuruu area. The evolution of basaltic magmatism in the Gobi-Altay rift was related to the Khangay mantle hotspot (Samoilov et al. 1998) . High heat flow, rifting and magmatism in the central part of Mongolia during the Late Mesozoic and Cenozoic times were presumably associated with this diapiric upwelling of a mantle asthenosphere (Windley and Allen 1993) .
On the other hand, according to Barry et al. (2003) , Cenozoic volcanism in Mongolia belongs to a large igneous province extending from NE China to Lake Baikal. Alkaline to calc-alkaline basaltic to trachyandesitic volcanic rocks (K 2 O = 1.8-4.1 wt. %), form numerous small volcanic complexes distributed mainly throughout the central Mongolia. Chondrite-normalised REE patterns are very similar to those shown in Fig. 5b except for slight depletion in the Tm, Yb and Lu. The Sr-Nd isotopic compositions of the studied samples resemble the Mongolian Cenozoic basalts (Fig. 7a) , whose genesis was explained by partial melting of metasomatically-enriched lower lithospheric mantle (Barry et al. 2003) .
The spatial relationship and geochemical similarity with the younger Cenozoic basalts in Mongolia suggests that the volcanites in the Shiliin Nuruu area could have been also associated with extension and thinning of the lithosphere along eastern margin of the Euroasian plate in the eastern China (Northrup et al. 1995) . Calc-alkaline magmatism is common in this geotectonic environment (e.g. Hawkesworth et al. 1995) . However, Liu et al. (2004) suggested that both the Indo-Eurasian collision and subduction of the Pacific Plate played important roles in the Cenozoic rifting and volcanism. The evolution after Indo-Asian collision may have driven lateral extrusion of the mantle asthenosphere and lithospheric thinning. Lateral mantle flow would help to explain many features of the Khangay mantle plume, asthenospheric upwelling under eastern China and related magmatic activity including volcanism in the Shillin Nuruu area.
Conclusions
The evolution of the Mesozoic intracontinental basin in western Mongolia filled by continental sediments was accompanied by a volcanic activity. One of the extension-related structures was the Gobi-Altay rift, parts of which are preserved today only in sunken blocks along the northern slopes of the Gobi-Altay range. The western part of the Gobi-Altay rift is represented by a syncline in the area of the Shiliin Nuruu and smaller blocks surrounding the Khar Argalantyn Mts. The E-W oriented syncline is formed by the Upper Jurassic to Lower Cretaceous continental sediments. The extensional evolution of this basin culminated by huge volcanic activity in the Early Cretaceous.
Bimodal volcanic sequence consists of basaltic lava sheets and small amounts of acid effusive rocks. The basaltic to andesitic lavas (SiO 2 = 49-58 wt. %) extruded mainly subaerially, and only locally in a subaqueous environment. Volcanic rocks associated with continental rifting could have been related to the evolution of the socalled southern Khangay hot spot and reflect lithospheric thinning and extension. Variations in chemical composition reflect major role for fractional crystallization driven mainly by clinopyroxene and, to a lesser extent, olivine. The parental magma was presumably generated by melting of metasomatically enriched lower lithospheric and/or uppermost asthenospheric mantle. However trace-element and Sr-Nd isotope compositions of some lavas provide an evidence for crustal contamination.
Volcanism in the Shiliin Nuruu area had a character distinct from that of the Early Mesozoic rift in the northern Mongolia, as indicated by within-plate geochemical features resembling the Cenozoic Mongolian basic volcanites. Geochemical and isotopic (Sr, Nd) similarity with Cenozoic volcanic rocks implies that bimodal volcanism of Shiliin Nuruu could have represented initial stages of this Cenozoic magmatic activity in Mongolia.
